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Objectives 


*  Transverse  jets  present  in  environment  and 
engineering 

—  Smoke  stacks 


—  Thrust  vectoring 

—  Combustion  chamber  mixing 
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Scaling  Laws 


*  Jet  trajectories 


from  Fric  and  Roshko  (1994) 


Counter-rotating 
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Trajectory  Scaling 
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Momentum  Transport  to  the  Jet 
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Momentum  Transport  to  the  Jet 


*  Drag 

Consider  a  1  diameter  length  element  of  the  jet  near  the  injection  location 
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Momentum  Transport  to  the  Jet 


*  Momentum  and  drag 


Combine  the  total  momentum  transport  ratios: 


Bd  represents  the  streamwise  distance  at  which  the  magnitude  of 
the  total  new  momentum  is  equal  to  the  jet  momentum.  The 
trajectory  should  scale  with  Bd,  within  the  limitations  of  the 
assumptions  of  the  analysis. 


Distribution  A:  Approved  for  public  release;  distribution  unlimited. 


8 


Y/Bd 


Trajectory  Scaling 


*  New  scaling  parameter-  entrainment  and  drag 
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Optimum  Mixing:  Single  Jet 


Single  jet  optimum  mixing  correlations 


Moderate  impaction 
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Multiple  Jet  Optimum  Mixing 

NASA  trade  study:  8-20  jets 


—  V7  =  2.5 

R0 


No  jet  diameter  dependence 

Mass  flow  ratios  0.5  to  2.5 

Purely  empirical  (i.e.  no  physical  basis) 


Planar  example: 


c  =  J^V7>5  Overpenetration 


coPt=yJj=2- -5  Optimum  mixing 


c=J^V7<i.25  Underpenetration 


Nondimcasional  temperature  distribution  (0  <  0  <  I) 


Temperature  distributions  from 
RANS  modelling,  Morris, 

Snyman,  Meyer,  J.  Power  and 
Propulsion,  2007. 

Bain,  Smith,  Holdeman  (1995): 

Jets  should  penetrate  %  of  channel 
height 


Distribution  A:  Approved  for  public  release;  distribution  unlimited. 


11 


Optimum  Mixing  Scaling  Law 
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Limitations  on  Entrainment 


•  • 

•  Single  jet  (Tee  mixer)  ^ entrained 
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Limitations  on  Entrainment 


Multiple  jets 
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AFRL  Water  Experiments 


Scalar  field  measurements  using 
planar  laser  induced  fluorescence 
(PLIF) 


Maruyama  (1983) 
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Water  Experiment 


Experimental  conditions 
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PLIF  Images 


Single  Jet  PLIF  samples 
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Mean  Mixture  Fraction  Distributions 
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Unmixedness 


*  Single  Jet 
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Optimum  Mixing  Scaling  Law 
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Conclusions 


*  Definition  of  a  new  scaling  law  for  jet  trajectory 

—  Entrainment  and  drag  mechanisms 

—  Improved  universality  for  unconfined  single  transverse  jets 

—  BDj/D0=C  predictive  for  optimum  mixing  scaling  law  for  Tee 
mixer 

*  New  experimental  data  on  single  confined  transverse  jets 

—  BDj/D0  value  indicates  flow  regime  for  different  size  jets 
—  Local  optimum  point  at  BDj/D0  ~  0.75 
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Optimum  Mixing  Scaling  Law 


Possible  sources  of  discrepancy: 

•  Cozewith  data  based  on 
chemical  reaction— microscale 
mixing 

•  Forney  data  based  on  RANS 

•  Current  data  limited  to  only 
x/D  =  3.0 
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